The objective of this retrospective study was to examine the effects of an intraoperative injection of liposome bupivacaine on the quality and duration of postsurgical pain control, patient satisfaction, and opioid use in a cohort of patients undergoing hemorrhoidectomy in an outpatient setting. Patients underwent ambulatory hemorrhoidectomy conducted by a single surgeon. Liposome bupivacaine 266 mg/20 mL was administered via infiltration at the end of surgery. After discharge, pain-related outcomes were assessed via telephone interviews. Outcomes of interest included first onset of pain after surgery, patient-reported pain intensity (0 = no pain; 10 = worst pain imaginable), time to first use of orally administered opioids after surgery, number of opioid tablets consumed postsurgery, and patient's satisfaction with postsurgical pain control. A total of 95 patients were included; the average number of hemorrhoids excised was 3.0 (median, 2.7) per patient. Mean time to first onset of pain after surgery was 36 hours; mean time to first consumption of postsurgical opioids was 38 hours. Mean pain intensity scores remained <5 through 72 hours after surgery. The average number of opioid analgesic tablets consumed after surgery was 12.4; 13% (12/95) of patients required no postsurgical opioids. Seventy-five percent of patients reported being "very satisfied" or "perfectly satisfied" with their overall pain control. No liposome bupivacaine-related adverse events were observed. A single intraoperative injection of liposome bupivacaine safely facilitated ambulatory hemorrhoidectomy, eliminated the need for intravenous opioids, minimized opioid use, and was associated with high levels of patient satisfaction.
Introduction
According to practice parameters for the management of hemorrhoids published in 2011, more than 10 million patients in the United States experience hemorrhoidal symptoms [1] . Because operative hemorrhoidectomy is perceived to be an extremely painful procedure, many patients whose hemorrhoids do not respond to conservative office treatments may avoid surgery that would be helpful to them.
A prolonged-release liposomal formulation of bupivacaine (EXPAREL ® ; bupivacaine liposome injectable suspension, Pacira Pharmaceuticals, Inc., Parsippany, NJ, USA) [2] has been shown to provide prolonged postsurgical analgesia after hemorrhoidectomy [3] and to significantly reduce cumulative post-hemorrhoidectomy pain scores and rescue opioid consumption compared with standard bupivacaine HCl 0.25% injection [4] . Clinical studies conducted to date involving surgical site administration of liposome bupivacaine have revealed no signs of cardiac toxicity [5] [6] .
In an effort to explore the potential benefits of liposome bupivacaine in a high-volume anorectal surgical practice, we examined the effect of intraoperative administration of liposome bupivacaine on the quality and duration of postsurgical pain control, patient satisfaction, and opioid use in a consecutive cohort of patients undergoing hemorrhoidectomy.
Methods
This was a nonblinded, retrospective evaluation of liposome bupivacaine use in a cohort of consecutive hemorrhoidectomy patients operated on by a single surgeon (ABJ) at Overland Park Surgery Center, Overland Park, KS, USA, and Shawnee Mission Medical Center, Shawnee Mission, KS, USA, from September 2012 to October 2013. The patient cohort included male and female adults undergoing hemorrhoidectomy in an outpatient setting under general anesthesia during the study period.
The hemorrhoidectomy procedures were performed using either the Milligan-Morgan [7] (open) or Ferguson [8] (closed) technique. A standardized protocol was used to inject 5 mL of either lidocaine 2% with epinephrine or 5 mL of bupivacaine HCl 0.25% with epinephrine at the base of the hemorrhoids to be removed before making an incision. Surgical dissection was achieved using needle-tip cauterization; a LigaSure™ small-jaw vessel-sealing device (Covidien, Dublin, Ireland) was used adjunctively in some cases. At the conclusion of the hemorrhoidectomy, a total of 266 mg/20 mL of undiluted liposome bupivacaine was injected using a standardized technique in each patient; 15 mL was equally infiltrated into 4 quadrants of the deep subcutaneous adipose tissue just outside the sphincter (ischiorectal space) using a 10-mL syringe with a 1.5-inch, 25-gauge needle. The remaining 5 mL of liposome bupivacaine was injected superficially beneath the incision lines, but not into the anal canal or sphincter. In cases where lidocaine was used prior to the incision, 20 minutes were allowed to elapse before liposome bupivacaine was administered. After surgery, all patients had access to orally administered opioid analgesic medications for rescue analgesia; no intravenous opioids were used. Some patients received ketorolac 30 mg intravenously perioperatively. Patients were discharged on the day of surgery. After discharge, the attending surgeon (ABJ) collected data on pain-related outcomes from interviews with patients via telephone or at the first postoperative visit, which was 2 to 6 weeks after surgery. Patients were asked to provide answers as accurately as possible and responded without guidance or leading. Overall, the time between the surgery and interview ranged from 2 weeks to 6 months.
Postsurgical outcome measures included time to first onset of pain after surgery, patient-reported pain intensity based on an 11-point numeric rating scale (NRS; 0 = no pain, 10 = worst pain imaginable) at 12, 24, 48, and 72 hours after surgery, time to first use of orally administered opioids after surgery, number of opioid tablets consumed postsurgery, patient satisfaction with postsurgical pain control based on a 5-point Likert-type scale (0 = not satisfied at all; 4 = perfectly satisfied), and adverse events.
Results
A total of 146 adult patients underwent anorectal surgery with liposome bupivacaine injection during the study period. Of these, 95 underwent hemorrhoidectomy, completed the post surgery telephone interviews, and were included in the analysis. The demographic and clinical characteristics of these patients are summarized in Table  1 . Fifty-one patients were excluded from the analysis as summarized in Table 2 .
The reported mean time to first onset of pain after surgery was 36 hours and mean time to first consumption of postsurgical opioids was 38 hours. The median times to first onset of postsurgical pain and first consumption of opioids were 24 hours and 30 hours, respectively. Mean pain intensity scores remained ≤5.0 through 72 hours after surgery (Figure 1) . The proportion of patients who rated their pain intensity in the 0 -3 range on the NRS was 79% (75/95) at 12 hours, 51% (48/95) at 24 hours, 35% (33/95) at 48 hours, and 35% (33/95) at 72 hours after surgery.
Overall, the mean number of opioid analgesic tablets consumed after surgery was 12.4 (median, 8.0). On average, the emergent surgery subgroup consumed more opioid tablets after surgery (16.7) than the overall study population, and the elective surgery subgroup consumed fewer tablets (11.0). Thirteen percent (12/95) of patients consumed no opioids after surgery; 37% (35/95) consumed ≤3 opioid tablets after surgery (Figure 2) . The majority of patients (88%; 84/95) did not require a refill of the prescription for opioid analgesics provided at the time of discharge. Mean patient rating scores for satisfaction with the pain control experience over time are shown in Figure 3 . The proportion of patients reporting they were "very satisfied" (satisfaction score = 3) or "perfectly satisfied" (satisfaction score = 4) remained above 70% through 24 hours after surgery (Figure 4) . Regarding the entire postsurgical period, 75% of patients reported being "very satisfied" or "perfectly satisfied" with their overall pain control.
There were no liposome bupivacaine-related adverse events and no incidences of urinary retention or cardiac Unable to provide meaningful responses during follow-up interview 3
Underwent surgery for internal hemorrhoids only 1
Breast-feeding 1
Abbreviation: IV, intravenous. a Operations included pilonidal cyst excision (n = 6), excision of condyloma acuminata (n = 4), anal sphincterotomy with fissurectomy (n = 2), abscess drainage/fistula surgery (n = 2), fissurectomy (n = 1), excision of rectal tumor (n = 1), excision of sebaceous cyst (n = 1);
b Reasons for overnight hospital admission included late-night surgery, advanced age, medical comorbidities, and extensive hemorrhoidectomy. toxicity were observed. One patient who underwent elective hemorrhoidectomy required reoperation for postsurgical bleeding and 1 patient who underwent emergency hemorrhoidectomy required reoperation for fecal impaction. One other patient who underwent emergency hemorrhoidectomy was admitted to the hospital 1 week after surgery due to postsurgical constipation and pain following surgery, but additional surgery was not required. 
Discussion
The anal canal and margin are a pain-sensitive area of the body. The surgical wounds caused by hemorrhoidectomy are at the body's axis with running, walking, and sitting. Further, the anus is difficult to "put at rest" and, by necessity, remains a highly functional zone that must expand with defecation and contract for continence. Because advanced hemorrhoidal disease may only effectively respond to a surgical approach, the painless hemorrhoidectomy has long been the "Holy Grail" of anorectal surgery.
A plethora of surgical techniques have been devised with the aim of limiting the pain of hemorrhoid surgery. This long list of surgical strategies, including open vs. closed hemorrhoidectomy [9] [10], lasers [11] [12], Harmonic ® scalpel [13] [14], LigaSure™ [15] , stapled hemorrhoidopexy [16] , and Doppler-guided hemorrhoid dearterialization [17] , is testament that no one technique has been fully satisfactory in solving the pain problem. In the present series, hemorrhoidectomy was done by either the Milligan-Morgan [7] (open) or Ferguson [8] (closed) method, using a needle-tip electrocautery device and, in some cases, a LigaSure™ small-jaw vesselsealing device.
Likewise, multiple pharmacologic means have been employed to combat post-hemorrhoidectomy pain, including bupivacaine injection alone [18] [19] , topical glyceryl trinitrate [20] [21], nifedipine [22] , diltiazem [23] , metronidazole [24] [25], or sucralfate [26] , as well as botulinum toxin injection [27] , methylene blue injection [28] , and intramuscular ketorolac [29] . Systems to deliver analgesic medication over time, such as patient-controlled analgesia pumps and elastomeric infusion pumps [30] , have been used, as have transcutaneous electrical nerve stimulation [31] and both epidural [32] and spinal blocks [33] . Historically, anal stretch was proposed by Goligher [34] to reduce post-hemorrhoidectomy pain and lateral internal anal sphincterotomy also has been proposed as an adjunctive pain-relieving measure [35] . The implicit common goal of these strategies was to reduce postoperative pain and to limit narcotic usage with its attendant risks of constipation and other potentially serious opioid-induced side effects.
In previous studies, intraoperative infiltration of liposome bupivacaine has been shown to be associated with lower cumulative pain scores after hemorrhoidectomy compared with placebo [3] or bupivacaine HCl [4] and to have an acceptable tolerability profile. Clinical pharmacology studies conducted to date have revealed no prolongation of QT interval, electrocardiogram abnormalities, or other cardiac concerns [5] [6] with subcutaneous injection of liposome bupivacaine, and the overall adverse event rate following administration is estimated to be less than 1%, based on aggregated safety data from approximately 600,000 patient exposures [36] . The findings from the present patient series are consistent with those previous reports. We found that liposome bupivacaine injection safely and consistently provided extended postsurgical pain control for hemorrhoidectomy patients and eliminated the need for intravenous narcotics, allowing hemorrhoidectomy to be performed on an ambulatory basis in most cases. Overall, this patient cohort reported high levels of satisfaction with their pain control and the use of oral narcotics was curtailed. We found that liposome bupivacaine injection was transformative for our post-hemorrhoidectomy patients, dramatically changing the overall experience after surgery into one far less painful and more tolerable than we were able to achieve historically in our patients. Even patients with acute painful hemorrhoidal crises were converted to a relatively pain-free state in the immediate postsurgical period and could be discharged home after surgery. Although the use of liposome bupivacaine will not compensate for poor surgical technique, its use should be applicable to any method of hemorrhoidectomy the surgeon prefers.
There were no liposome bupivacaine-related adverse drug events observed in this series. The incidence of complications was low and no patient required readmission due to uncontrolled pain during the first 72 hours after surgery. The goal of reducing opioid use was met; no intravenous narcotics were required before discharge and the overall number of narcotic tablets taken was low (average, 12.4); 13% of patients in the series required no postsurgical narcotics whatsoever. Also, the average time to onset of pain after surgery was 36 hours, and the average patient did not take a narcotic tablet until evening on the day following hemorrhoidectomy (38 hours postsurgery). The observed trends in average pain and patient satisfaction scores appear to indicate that the beneficial analgesic effect of liposome bupivacaine diminished over time during the first 72 hours after surgery. By ameliorating pain on the first night after surgery and inducing a more gradual transition to an awareness of postsurgical pain, the vicious cycle of acute severe pain, anal spasm, reactive narcotic overuse, ileus, constipation, painful defecation and, therefore, increased pain, was interrupted. Because pain was well controlled, patient satisfaction was high.
The ability to perform a hemorrhoidectomy with the expectation on the part of the surgeon and the patient that postsurgical pain will be well controlled is an important advance. Furthermore, physicians may be more willing to recommend surgery as an option for advanced hemorrhoidal disease when postoperative pain is expected to be less. Although more difficult to demonstrate, a reduced need for narcotics in the postoperative period should translate into less opioid-related adverse events, less constipation, and a speedier functional recovery. Without the need for intravenous narcotic analgesics, an overnight hospital stay may be avoided in most cases, sparing valuable hospital resources and reducing costs. Based on its observed potential to provide prolonged postsurgical pain control with an opioid-sparing effect and high patient satisfaction in this patient cohort, liposome bupivacaine may be an effective component of a multimodal pain control strategy for hemorrhoidectomy patients.
This study was limited by its retrospective nature and absence of a control group. The time interval between the hemorrhoidectomy and the interview to collect data on pain-related outcomes was not standardized and ranged from 2 weeks to 6 months. Accurate memory regarding pain may have been variable among patients. In the authors' experience, however, it is unusual for patients to forget episodes of severe pain. Finally, because the surgeon also conducted the interviews, a form of investigator bias cannot be excluded due to the surgeon-patient relationship.
Conclusion
In patients who underwent hemorrhoidectomy in an ambulatory care setting, single-dose infiltration with liposome bupivacaine had the effect of curtailing opioid use and consistently provided prolonged management of postsurgical pain. Even 3-column hemorrhoidectomy and emergent hemorrhoidectomy for painful thrombosis and 4 th -degree prolapse were achieved in an ambulatory setting without the need for intravenous narcotics. The majority of patients reported high levels of satisfaction with their postoperative pain control. Liposome bupivacaine was well tolerated and not associated with any adverse events or readmissions due to uncontrolled pain during the first 72 hours after surgery. The use of liposome bupivacaine as part of a multimodal pain protocol represents a potentially important advance in the management of acute postsurgical pain following hemorrhoidectomy.
